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Background: School drop-out is a problem all over the world with adverse life-course consequences. The aim
of this paper is to study how internalising and externalising problems in the 10th grade are associated with
non-completion of upper secondary school, and to examine the mediating role of grade points in the 10th grade
across general academic and vocational tracks in upper secondary school. We also study the impact of health
behaviour.
Methods: Population-based health surveys were linked with Norwegian registries on education and
sociodemographic factors (n = 10 931). Mental health was assessed by the self-report Strengths and Difficulties
Questionnaire. Logistic regression was used to analyse the relations between mental health and health behaviour
in 10th grade and non-completion of upper secondary school. The mediating effect of grade points was studied
by causal mediation analysis.
Results: Adolescents not completing upper secondary school reported more externalising problems and girls
more internalising problems in the 10th grade, after adjustments. Smoking and physical inactivity increased the
odds of non-completion of upper secondary school. Causal mediation analyses showed that a reduction in
externalising problems of 10 percentage points led to lower rates of non-completion of 4–5 percentage points,
and about three-quarters of this total effect was mediated by grades. For internalising problems the total effect
was significant only for girls (1 percentage point), and the mediated effect of grades was about 30%. The effect of
mental health problems on school dropout was mainly the same in both vocational and general tracks.
Conclusions: Assuming a causal relationship from mental health problems to school performance, this study
suggests that externalising problems impair educational attainment. A reduction of such problems may improve
school performance, reduce school drop-out and reduce the adverse life-course consequences.Background
School drop-out is a national problem in countries all
over the world and has an impact on both the individual
and the society [1]. Lack of education has adverse life-
course consequences, such as poor health and greater
demand on social welfare entitlements. Understanding
why students drop out of school is a key to designing
effective interventions to reduce this critical and costly* Correspondence: aase.sagatun@r-bup.no
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reproduction in any medium, provided the orproblem. Drop-out of school is likely to be influenced by
an array of factors. These factors may be related to char-
acteristics and experiences of the students themselves,
including health, behaviour and performance, as well as
characteristics and features of their environment, such
as families and friends, schools and communities [2].
Mental health problems, including emotional, behav-
ioural and peer-related problems, are prevalent among
adolescents and may severely interfere with everyday
functioning [3,4]. Some population-based studies have
found that both hyperactivity and conduct problems
[5-7] and depression [7-11] are negatively associatedl Ltd. This is an open access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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tion based studies from the USA and New Zealand have
also accounted for co-occurring disorders [12-14] and
found that especially externalising problems impair edu-
cational attainment. School performance is an important
predictor for drop-out [2], and symptoms of mental
health problems may undermine performance and repre-
sent a pathway for an effect of mental health on edu-
cational attainment. Different mental health problems
may affect educational outcome through distinct causal
pathways and may therefore require separate approaches
to interventions. Studies’ elaborating on possible mecha-
nisms for the associations between various mental health
problems and educational outcome are hard to find.
Different educational tracks such as general/academic or
vocational education and training may require unique
skills, and mental health problems may have different
consequences for educational attainment in academic
and non-academic tracks. To our knowledge, this has
not previously been studied. When considering a causal
connection of mental health problems on educational
attainment, it is important to point out that these factors
could be linked with other causes contributing to the
association, creating a spurious effect. The risk literature
for externalising and internalising problems and academic
attainment provides clues about potential common
causes, such as sociodemographic factors and health be-
haviour including physical activity, smoking and alcohol
habits [13,15,16].
The present study
We study the extent to which mental health problems,
both internalising (emotional and peer problems) and
externalising problems (conduct problems, hyperactiv-
ity–inattention), in the 10th grade (age 15–16 years) are
associated with non-completion of upper secondary
school during the following 5 years. Furthermore, we
study the mediating role of grade points when analysing
the effect of mental health problems in the 10th grade on
non-completion of upper secondary school in a causal
modelling framework. Finally, we investigate whether
the patterns detected are the same in general and voca-
tional tracks in upper secondary school. In addition to
adjusting for family background and demographic
factors, we study the impact of health behaviour. Ana-
lyses are stratified by gender.
Methods
Study population and procedure
This paper is based on a large and comprehensive cross-
sectional survey of all 10th graders (age 15–16 years) in
six Norwegian counties, which was linked to the high-
quality Norwegian registries for education, income and
country of birth (of participants and their parents). TheNorwegian Institute of Public Health conducted these
comprehensive health surveys between 2000 and 2004.
The students completed two four-page questionnaires
during two school classes. A project assistant was
present in the classroom to inform the students about
the survey and to administer the questionnaires. For
those not present on the day of the survey, question-
naires, informed consent forms and a pre-stamped enve-
lope were left for them at school. Students who did not
return the completed questionnaire during the course of
the school year were prompted by a letter sent to their
home. All parents received written information, and the
students signed an informed consent form at baseline
indicating their acceptance of the linkage of survey data
to registry data. Permission to use the survey data was
given by The Norwegian Institute of Public Health and
the study was approved by the Regional Committee for
Medical and Health Research Ethics and by the Norwegian
Data Inspectorate.
The overall response rate of the questionnaire studies
was 87% (n = 12 434). Of the participants in the ques-
tionnaire studies, 88% (n = 10 931) accepted linkage of
information between the survey and official registers.
The 12 percent that did not accept linkage to the
national registers did not differ significantly in gender
distribution compared to our study sample (p = 0.782).
The two groups did not differ significantly in symptoms
of internalising (p = 0.581) or externalising problems
(p = 0.164).
Measures
Non-completion of upper secondary school and grade
points
Information on completion of upper secondary school
and the final grade points in the 10th grade were pro-
vided by Statistics Norway. In accordance with Statistics
Norway, we define non-completers as individuals not
completing upper secondary education within 5 years
after ending the 10th grade. To classify participants into
general and vocational tracks, we used the track first en-
tered after the 10th grade (description of the Norwegian
school system below). The final grades (0–6) in the 11
main school subjects from 10th grade are summed to the
variable “grade points” (0–66). To pass a course, a grade
of 2 or higher must be achieved.
The Norwegian school system
The Norwegian school system is by and large public. The
right to free public education is available for 13 years, of
which 10 are compulsory. After completing compulsory
education to the 10th grade at 15–16 years of age, about
98% in Norway continue into post-compulsory/upper
secondary school [17]. There are no general entry require-
ments, apart from having completed the 10th grade, but
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programmes. If there are more applicants than the num-
ber of vacant places, admission to a programme depends
on grade points from the 10th grade. Upper secondary
education consists of both general and vocational tracks.
The students in general tracks follow a 3-year line. After
finishing and passing all exams, they are qualified to enter
higher education. In the vocational programme, there are
three paths of 3 or 4 years. Two of these lead to a practical
occupation without qualification for higher education, and
most students follow one of these two tracks. In the third
option, it is possible to take courses that qualify for higher
education in addition to the vocational programme.
Mental health problems
Mental health problems were assessed by the Strengths
and Difficulties Questionnaire (SDQ), a multi-informant
wide-angle screening questionnaire [18,19]. The SDQ
has been used in a large number of population-based
studies in several countries [19]. In the current study,
the self-report version of the questionnaire was used.
The SDQ is a 25-item questionnaire with five subscales,
each consisting of five items, generating scores for emo-
tional symptoms, conduct problems, hyperactivity–in-
attention, peer problems and prosocial behaviour. Each
item can be answered with “not true” (0), “somewhat
true” (1) or “certainly true” (2), with reference to the
past 6 months. For each subscale these values were
summed to generate scale scores ranging from 0 to 10
[19]. There is theoretical and empirical support for
combining the SDQ’s emotional symptoms and peer
problems subscales into an ‘internalising’ subscale, cov-
ering anxiety, depression and withdrawal. The conduct
problems and hyperactivity-inattention subscales are
combined into an ‘externalising’ subscale. In the current
paper, we used the internalising and the externalising
subscales with a possible range of scores from 0 to 20
with higher scores representing more problems [20].
Cronbach’s alpha was 0.69 for the internalising subscale
and 0.68 for the externalising subscale. A difference of
about 10 points on a 0–100 scale is often considered
noticeable [21]. On a 0–20 scale, this corresponds to a
difference of 2, which is the difference we use when pre-
senting the regression and mediation analyses.
Health behaviour
Smoking habits Were studied by asking ‘Do you smoke,
or have you smoked earlier?’ Possible answers were: ‘No,
never’, ‘Yes, but I have stopped’, ‘Yes, once in a while’ and
‘Yes, daily’. The answers were categorised into ‘never/
quit’, ‘once in a while’ and ‘daily’.
Alcohol consumption Was estimated by asking how
often in the course of the past year the person had beendrinking alcohol. Answers were coded into six categor-
ies: ‘not at all’, ‘a few times’, ‘once per month’, ‘2–3 times
per month’, ‘once per week’ and ‘2–3 times per week
or more’.
Physical activity Includes various types of activities in
leisure time, and both organised and unorganised
activities. The measure takes into account the amount of
both moderate and vigorous physical activity. Partici-
pants were asked how many hours per week they spent
on physical activity ‘to an extent that makes you sweat
and/or out of breath’ outside of school. The possible
answers were: 0, 1–2, 3–4, 5–7, 8–10, or 11 hours or
more per week.
Sociodemographic factors and family background
Participants were from the north and south-east regions
of Norway. The northern counties are Troms (the study
was conducted the school year 2002/2003), Finnmark
(2002/2003) and Nordland (2003/2004), and the south-
eastern counties are Oppland (2001/2002), Hedmark
(2000/2001) and Oslo (2000/2001).
Statistics Norway’s definition of ethnic minorities, as
those having both parents born in a country other than
Norway, was applied [22]. Information about parents’
country of birth was provided by register data from
Statistics Norway. About 13% of the study population
had an ethnic minority background. Mother’s and fa-
ther’s education at the participants’ age 15–16 was used
to identify ‘parents’ education’. The highest accom-
plished education of the parents was used, and infor-
mation was provided by Statistics Norway’s register on
education. In the analyses, parents’ education was
categorised as ‘compulsory education’, ‘intermediate edu-
cation’, ‘tertiary education’ and ‘tertiary education, more
than 4 years’ [23].
Mother’s and father’s income At the participants’ age
15–16 was used and provided by Statistics Norway’s
register on income. The mother’s and father’s income
[24] was categorised as ‘high’ (above the 75th percentile),
‘medium’ (25th to 75th percentile), or ‘low’ (below the
25th percentile) in the descriptive table. In multiple re-
gression analyses, income was entered as a continuous
variable, with winsorisation of values above 2.5 million
NOK (replacing values above this income by 2.5 million
NOK, this is about 450 000 USD) because of a highly
skewed distribution.
Parents’ marital status Was registered by a question
asking whether parents were ‘married/cohabitant’, ‘un-
married’, ‘divorced/separated’, ‘one or both dead’ and
‘other options’. The participants were also asked whom
they lived with (i.e., mum and dad; mum or dad). These
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parents’ marital status and whom the students lived with
at the age of 15–16 years. The participants were classi-
fied into those living with both parents or having parents
who were married/cohabitants, versus those living with
mum or dad or others.
Statistics
All analyses were stratified by gender. To describe the
distribution of the background factors and health behav-
iour, cross-tab analysis was performed. The latter was
also used to describe the non-completion rates in these
strata. To compare the SDQ scores and grade points
among those completing and not completing upper
secondary school, and those following vocational and
general tracks, we used t tests. To study the correlation
between health behaviour and mental health, we used
Spearman’s rank order correlation.
To examine the extent to which variations in symp-
toms of mental health problems and health behaviour in
the 10th grade were associated with non-completion of
upper secondary school, we performed logistic regres-
sion analyses. First we studied the effect of internalising
and externalising problems separately (Model 1). In
order to study the independent effect of externalising
problems we adjusted for internalising scores and vice
versa (Model 2). In the final model we also included
health behaviours (Model 3). To examine the homoge-
neous odds ratio (OR) assumption for the internalising
and externalising scales, the logistic regressions were re-
run with these variables modelled by restricted cubic
splines with four knots [25].
Causal mediation analysis [26,27], with upper second-
ary grade points as mediator, was used to study the
direct and indirect effects of internalising and externalis-
ing problems on non-completion of upper secondary
school (Additional file 1: Figure S1, online). Indirect
effects are the effects mediated via grades, and the direct
effects are the effects not mediated. For model iden-
tification, the causal mediation analysis makes the
untestable sequential ignorability assumption, which in
particular implies that there are no unmeasured con-
founders [27]. Briefly, sequential ignorability means that
[27, page 310] conditional on the confounders, actual
treatment (corresponding to internalising, resp. externalis-
ing problems in our case) is independent of all potential
values of outcome and mediator, and, also conditioning on
actual treatment, the actual mediator is independent of all
potential values of the mediator. Potential here refers to a
counterfactual setting. Since this assumption is untestable
sensitivity analysis is recommended. Specifically [27,
Theorem 2 page 316], model identification is also possible
under deviations from sequential ignorability, assuming a
specific correlation ρ between the error terms in themodels for the mediator and the outcome, with zero cor-
relation corresponding to sequential ignorability. Such an
error correlation is reasonable when there are unmeasured
confounders for outcome and mediator. When the direct
and indirect effects have the same sign for a large ρ inter-
val, the sensitivity of the conclusions of the causal medi-
ation analysis is considered as small. Direct and indirect
effects were studied for a 2-point increase in SDQ score,
from 4 to 6 for internalising problems and from 6 to 8 for
externalising problems; these intervals were chosen within
the main range of the respective distributions. The effect
measure is increase in drop-out probability. The analyses
were repeated for another 2-point interval within the main
ranges to check for possible sensitivity of conclusion to
the choice of interval. No substantial differences were
found. Sensitivity analysis was performed as described
above. Because of present limitations in the software, the
sensitivity analyses were based on a probit instead of a
logit model for drop-out, and we checked whether this
changed the causal mediation analysis appreciably. To
determine whether the relationships between mental
health and non-completion of upper secondary school
were the same in both general and vocational tracks, we
re-ran the logistic regressions and causal mediation
analyses for the two tracks separately. We created 95%
confidence intervals for the ratio by bootstrapping. In the
mediation analyses, differences between tracks were tested
by an approximate procedure inferring standard errors
based on the estimated effects and differences between
effects and confidence bounds.
In the descriptive analyses and the logistic regression,
SPSS 18 (SPSS Inc., Chicago, IL, USA) was used. Other
analyses used R version 2.15.2 (The R Foundation for
Statistical Computing, Vienna, Austria), with the R pack-
ages mediation (4.1.2) [26] for causal mediation analysis
and boot for bootstrapping.
Results
Background characteristics
Of the study population, 32.4% did not complete upper
secondary education within 5 years after finishing
compulsory school (including 2% not starting upper sec-
ondary school). More boys (38.9%) than girls (25.8%)
were non-completers. The percentage starting at voca-
tional tracks was 52.8 among boys and 41.0 among girls.
For both genders, the prevalence of not completing
upper secondary school was about three times higher for
vocational tracks (Table 1). Background characteristics
are presented in Table 1.
The final grade points in 10th grade were significantly
higher among those who completed upper secondary
school than those who did not complete it [(mean (SD):
boys 45.5 (7.2) vs. 35.6 (7.6); girls 48.7 (6.8) vs. 38.3
(7.8); all p < 0.001)]. Mental health problems were also
Table 1 Background characteristics and rate of non-completion of upper secondary school (n = 10931)
Boys (5511) Girls (5420)
Proportion of
population
Non-completion rate
percentage
Proportion of
population
Non-completion rate
percentage
Sample dropout rate 50.4 38.9 49.6 25.8
General tracks 47.2 19.4 59.0 12.6
Vocational traks 52.8 53.8 41.0 38.8
Sociodemographic factors
Ethnic backgrounda (n = 5511) (n = 5419)
Ethnic Norwegian 90.0 37.3 90.2 24.9
1st-generation immigrants 6.4 57.5 6.4 37.9
2st-generation immigrants 3.6 45.0 3.4 25.1
County of residence in Norway (n = 5511) (n = 5420)
Oslo 31.8 33.8 31.3 21.4
Hedmark 16.2 43.1 16.5 25.0
Oppland 16.2 32.8 15.9 22.0
Nordland 19.4 41.8 19.1 32.0
Troms 11.1 44.1 12.5 28.2
Finnmark 5.2 53.3 5.2 37.0
Family factors
Parents’ education at age 16 (n = 5438) (n = 5367)
Compulsory 13.6 62.6 13.4 46.2
Intermediate 44.0 44.7 44.5 30.8
Tertiary 30.8 28.3 29.8 15.4
Tertiary more than 4 years 11.6 14.9 12.3 8.8
Fathers’ income at age 16 (n = 5291) (n = 5112)
Low 34.3 50.2 32.6 33.8
Medium 34.6 35.8 35.9 24.9
High 31.1 26.3 31.5 15.5
Mothers’ income at age 16 (n = 5412) (n = 5334)
Low 32.1 45.5 32.6 31.7
Medium 34.3 40.1 34.6 27.8
High 33.6 30.2 33.1 17.0
Parents’ marital status/who do you live with (n = 5395) (n = 5369)
Mum and dad married/cohabiting 67.5 33.0 66.5 19.5
Mum or dad or other 32.5 49.3 33.5 37.7
aSee definition in text.
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SDQ externalising, boys (−0.38, p < 0.001), girls (−0.41,
p < 0.001) and SDQ internalising, boys (−0.13, p < 0.001),
girls (−0.24, p < 0.001)].
The association between mental health problems in the
10th grade, health behaviour in the 10th grade and
non-completion of upper secondary school
Boys and girls who did not complete upper secondary
school reported more internalising and externalising
problems in the 10th grade than those who completedupper secondary school, independent of track in upper
secondary school (Table 2). Those following vocational
tracks reported more mental health problems than those
following general tracks, independent of gender.
Adolescents who were smokers and used alcohol
frequently had a higher non-completion rate than those
who used these substances less. Those physically active
outside of school had a lower non-completion rate. These
patterns were independent of gender (Tables 3, 4 and 5,
crude analysis). The correlations between the mental
health scores, between the health behaviours and mental
Table 2 Strengths and Difficulties Questionnaire (SDQ) in the 10th grade by gender, type of track and completion of
upper secondary school after 5 years
Boys Girls
Mental health Completers (3348) Non-completers (2082) Completers (4000) Non-completers (1380)
Mean SD (95% CI) Mean SD (95% CI) Mean SD (95% CI) Mean SD (95% CI)
General tracks
SDQ externalising 4.91 2.96 4.79 5.04 6.45 3.07 6.17 6.72* 5.04 2.64 4.94 5.14 6.81 3.15 6.49 7.14*
SDQ internalising 3.08 2.56 2.97 3.19 3.72 2.90 3.46 3.98* 4.34 2.94 4.22 4.45 5.39 3.27 5.05 5.73*
Vocational tracks
SDQ externalising 5.99 3.04 5.82 6.15 7.29 3.26 7.13 7.46* 6.03 2.82 5.88 6.18 7.58 3.11 7.38 7.78*
SDQ internalising 3.40 2.57 3.26 3.54 3.87 2.93 3.73 4.02* 5.15 3.12 4.99 5.31 6.06 3.35 5.84 6.28*
*Statistically significant difference between completers and non-completers, p ≤ 0.001.
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below for both genders, except the correlation between
smoking and alcohol use among girls (r = 0.49).
When adjusting for sociodemographic factors and
family background in the logistic regression (Tables 4
and 5, Model 1), the ORs for both externalising and
internalising problems were slightly reduced. When
including both the SDQ subscales in the same model,
together with sociodemographic factors and family
background (Model 2), the OR for non-completion of
upper secondary school predicted by a 2-point increase
in externalising problems remained mainly the same as
in Model 1 in both genders. In this model (Model 2) the
ORs for internalising problems were reduced; in boys
the OR was statistically insignificant [1.00 (0.95–1.05)]Table 3 Health behaviour in the 10th grade according to non
Boys (5511)
Proportion of
population
Non-co
rate pe
Health behaviour in the 10th grade
Smoking (n = 5474)
No 74.2
Sometimes 12.4
Yes, every day 13.4
Alcohol last year (n = 5387)
Never 26.5
A few times last year 27.2
1–3 times a month 32.1
Once a week or more 14.2
Physical activity (n = 5390)
0 hour per week 10.4
1–2 hours per week 19.4
3–4 hours per week 20.8
5–7 hours per week 23.1
8 hours or more per week 26.4
* Statistically significant difference between completer and non-completers, p ≤ 0.00and in girls 1.08 (1.03–1.14). In the final model, also
including health behaviours (Model 3), the ORs for non-
completion of upper secondary school predicted by a 2-
point increase in internalising symptoms remained
mainly the same as in the previous model in both gen-
ders. The ORs for externalising problems in this model
were reduced in both genders, but still significant [boys;
1.27 (1.21–1.33) and girls; 1.31 (1.24–1.39)].
To test whether the presented OR values were repre-
sentative for the whole scale, we tested the heterogeneity
of OR. We found no heterogeneity of ORs across the
internalising scale for girls (p for non-linearity = 0.950)
or boys (p = 0.777), or for the externalising scale among
girls (p = 0.563). However, there was a statistically signi-
ficant heterogeneity in externalising problems for boys-completion of upper secondary school (n = 10931)
Girls (5420)
mpletion
rcentage
Proportion of
population
Non-completion rate
percentage
* (n = 5394) *
32.5 66.8 19.0
44.4 16.3 25.9
68.9 16.9 52.4
* (n = 5337) *
35.7 22.3 23.5
30.7 30.2 19.7
42.1 34.5 28.9
52.2 13.1 35.2
* (n = 5248) *
50.5 12.3 37.1
45.7 29.6 31.1
37.9 27.1 22.1
34.0 20.4 16.4
32.3 10.7 18.8
1.
Table 4 Mental health problems and health behaviour in the 10th grade as predictors of non-completion of upper sec-
ondary school in boys (n = 4760)
Crude Model 1a Model 2b Model 3c
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
SDQ externalising (per 2 points) 1.43 1.38 1.49* 1.38 1.32 1.44* 1.38 1.32 1.45* 1.27 1.21 1.33*
SDQ internalising (per 2 points) 1.17 1.12 1.22* 1.11 1.06 1.16* 1.00 0.95 1.05 1.01 0.96 1.06
Health behaviour
Smoking
No ref. * ref. *
Sometimes 1.82 1.53 2.17 1.56 1.27 1.91
Yes, every day 4.83 4.02 5.80 2.80 2.25 3.48
Alcohol last year
Never ref. * ref. d
A few times last year 0.91 0.77 1.08 0.88 0.72 1.06
1–3 times a month 1.41 1.21 1.66 1.02 0.84 1.24
Once a week or more 2.21 1.82 2.68 1.36 1.06 1.73
Physical activity
0 hours per week ref. * ref. *
1–2 hours per week 0.82 0.66 1.03 0.92 0.71 1.18
3–4 hours per week 0.61 0.49 0.76 0.71 0.55 0.91
5–7 hours per week 0.53 0.43 0.66 0.72 0.56 0.92
8 hours or more per week 0.47 0.38 0.58 0.62 0.49 0.80
aModel 1: SDQ externalising and SDQ internalising separately, adjusted for ethnic background, county of residence, parents’ education, income and merital status.
bModel 2: SDQ externalising and SDQ internalising adjusted for each other, and for ethnic background, county of residence, parents’ education, income and
merital status.
cModel 3: Like model 2, in addition adjusted for health behaviours.
*p ≤ 0.001.
dp = 0.003.
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externalising problems were somewhat higher for low
values of the externalising problems score. In the range
comprising most of the data (Additional file 2: Figure S2,
online), the ORs were close to 1.27, and in the sequel, we
use a linear relationship also for externalising problems
for boys.
In the final model (Model 3), smoking, alcohol use
and physical activity remained independent predictors
for non-completion of upper secondary school among
the boys (Table 4, Model 3). In girls, smoking and
physical activity remained independent predictors
(Table 5, Model 3).
The mediating role of grade points when analysing the
effect of mental health in 10th grade on non-completion
of upper secondary school, and the impact of health
behaviour
In the causal mediation analysis, we found that a 2-
point decrease in externalising problems in the pro-
posed model would result in a 6.9 percentage point
reduction in the probability of non-completion of
upper secondary school in boys, after adjustment forinternalising problems, family background and socio-
demographic factors (Table 6, Model 2). Of this total
effect, 71.4% was mediated by grade points. In girls,
the corresponding figures were 6.3 and 73.2% (Table 6,
Model 2). When adjusting for health behaviour (Model 3),
the total effect of a 2-point reduction in externalising
problems would lead to a reduction of 4.7 percentage
points in boys and 4.4 percentage points in girls in the
probability of non-completion of upper secondary school.
Of these effects, 83.1% and 75.5% were mediated by grade
points among boys and girls, respectively. Among girls, a
2-point decrease in internalising problems gave a total
reduction in the probability of non-completion of upper
secondary school of 1.2 percentage points. Of this total
effect, 41.2% was mediated by grade points. After adding
health behaviour, the corresponding figures were 1.2 and
31.0%. In boys, internalising problems did not significantly
affect the non-completion of upper secondary school via
grade points in the 10th grade.
The sensitivity analyses (Additional file 3: Figure S3a
and b, online) showed that, as long as ρ is above −0.4,
the indirect effects still had the same sign as estimated,
indicating acceptable robustness of these findings. For
Table 5 Mental health problems and health behaviour in the10th grade as predictors of non-completion of upper sec-
ondary school in girls (n = 4751)
Crude Model 1a Model 2b Model 3c
OR 95% CI OR 95% CI OR 95% CI OR 95% CI
SDQ externalising (per 2 points) 1.59 1.51 1.66* 1.48 1.41 1.56* 1.44 1.36 1.52* 1.31 1.24 1.39*
SDQ internalising (per 2 points) 1.29 1.24 1.35* 1.21 1.16 1.27* 1.08 1.03 1.14* 1.09 1.04 1.15*
Health behaviour
Smoking
No ref. * ref. *
Sometimes 1.46 1.21 1.77 1.30 1.05 1.62
Yes, every day 4.75 4.01 5.62 2.77 2.23 3.45
Alcohol last year
Never ref. * ref.
A few times last year 0.85 0.70 1.04 0.83 0.66 1.05
1–3 times a month 1.36 1.13 1.64 0.88 0.69 1.13
Once a week or more 1.92 1.53 2.41 0.93 0.68 1.26
Physical activity
0 hours per week ref. * ref. *
1–2 hours per week 0.77 0.63 0.95 1.12 0.89 1.43
3–4 hours per week 0.49 0.39 0.61 0.85 0.66 1.10
5–7 hours per week 0.34 0.27 0.44 0.65 0.49 0.86
8 hours or more per week 0.41 0.31 0.54 0.78 0.57 1.07
aModel 1: SDQ externalising and SDQ internalising separately, adjusted for ethnic background, county of residence, parents’ education, income and marital status.
bModel 2: SDQ externalising and SDQ internalising adjusted for each other, and for ethnic background, county of residence, parents’ education, income and
marital status.
cModel 3: Like model 2, in addition adjusted for health behaviours.
*p ≤ 0.001.
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indicated for ρ between −0.7 and 0.8, indicating strong
robustness. However, the sensitivity analysis for direct
effects of externalising problems showed low robustness
(ρ < 0.2 for girls and ρ < 0.1 for boys). There were only
minor differences in the causal mediation analyses using
a logit or probit model for drop-out.
The importance of general and vocational tracks
When studying the association between mental health
in the 10th grade and non-completion of upper sec-
ondary school in logistic regression by general and
vocational tracks, no significantly different patterns
were detected (95% CI for the ratio crossed one). The
mediation analysis, stratified by general and vocational
tracks (Model 3), revealed similar patterns for the effect of
mental health problems on non-completion in both
tracks, except when studying internalising problems in
girls. Here the total effect of internalising problems was
stronger in vocational (2 percentage points) than in gen-
eral tracks (0.1 percentage points) (p difference = 0.019),
with a greater proportion mediated by grades (p differ-
ence = 0.018).Discussion
Summary of main results
Of the 10th graders participating in the study, around
one-third did not complete upper secondary school
within the following 5 years. Both boys and girls who
did not complete school reported more externalising
problems, and girls more internalising problems in
the 10th grade after adjustments for background fac-
tors, health behaviour and co-occurring symptoms of
mental health problems. Smoking and physical in-
activity were also significantly associated with higher
odds of not completing upper secondary school in the
final model for both boys and girls. The causal medi-
ation analyses suggested that a reduction in externa-
lising problems of 2 points lead to lower rates of
non-completion in upper secondary school by 4–5
percentage points for both genders. About three-
quarters of this total effect was mediated by grades.
For internalising problems, the total effect was lower
and significant only for girls. The effect of mental
health problems on non-completion of upper second-
ary school was mainly the same in general and voca-
tional tracks.
Table 6 The effect of a 2-point change in the SDQ subscales on non-completion of upper secondary school, and the mediating effect of grades
Model 1a Model 2b Model 3c
Total effect Proportion via mediation Total effect Proportion via mediation Total effect Proportion via mediation
Estimate 95% CI Estimate 95% CI Estimate 95% CI Estimate 95% CI Estimate 95% CI Estimate 95% CI
Boys
SDQ externalising 0.068 0.059 0.077 0.702 0.611 0.801 0.069 0.060 0.079 0.714 0.629 0.813 0.047 0.038 0.058 0.831 0.692 1.032
SDQ internalising 0.021 0.010 0.031 0.540 0.324 0.938* −0.00056 −0.010 0.010 0.428 −12.90 14.00 0.0031 −0.006 0.013 −0.740 −14.20 22.90*
Girls
SDQ externalising 0.067 0.057 0.077 0.716 0.628 0.833* 0.063 0.053 0.073 0.732 0.624 0.860* 0.044 0.033 0.055 0.755 0.610 0.976*
SDQ internalising 0.031 0.023 0.039 0.622 0.488 0.823* 0.012 0.005 0.020 0.412 0.185 0.952* 0.012 0.005 0.020 0.310 0.108 0.687*
aModel 1: Adjusted for ethnic background, county of residence, parents education, income and marital status.
bModel 2: SDQ externalising and SDQ internalising adjusted for each other, and for ethnic background, county of residence, parents education, income and marital status.
cModel 3: Like model 2, in addition adjusted for physical activity, smoke and alcohol habits.
*Direct effect statistically significant (p < 0.05).
The total effect estimate is the change in the probability of non-completion.
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The main strengths of the study include the use of a
representative sample of young people in schools in dif-
ferent counties in Norway, the availability of national
registers for grades, education and SES variables, and
the longitudinal nature of the data that made prospective
analysis possible. Assessments of both internalising and
externalising problems alongside information on edu-
cational achievement at follow-up were used. To our
knowledge, there are no prospective European studies
analysing both internalising and externalising problems
in a representative sample of youth. Novel statistical
methods are used to estimate possible causal mediation
pathways of non-completion of upper secondary school
[26,27]. A limitation of the study is that not all those
invited took part in the baseline study, and not all partic-
ipants accepted the survey to be linked with national
registers. Thus our analyses are based on 77% of all 10th
graders in the respective counties for the years in ques-
tion. Of the participants in the baseline study 12 percent
did not accept linkage of their survey. Even though the
participants not accepting linkage did not differ signifi-
cantly in their report of symptoms of mental health
problems we might have a selective loss to follow-up.
However the percentage in our study not completing
upper secondary school within 5 years is in accordance
with Statistics Norway’s national numbers for the
comparable years (68%–72%) [17]. There is also some
empirical support that generalisation for a measure of
association is less sensitive to loss to follow-up than
prevalence measures [28]. A paper based on parts of the
same sample considers response rates and selection
problems by investigating mental health and health
behaviour variables [28]. Here the association measures
(prevalence ratios) were quite similar among participants
and all invitees. The response rate was quite high, and
we expect that the findings are fairly representative for
the study population. Another limitation is that mental
health problems are only assessed by self-report. How-
ever, in a study of the psychometric properties of the
SDQ, the self-report problem scales: emotional symp-
toms, conduct problems and hyperactivity/inattention
were all found to be associated with the relevant DSM-
IV diagnoses (based on interviews) [29]. The OR for
having a psychiatric disorder in high (above the 90th
percentile) rather than low risk groups was 9.7 for the
emotional symptoms scale in relation to emotional
disorder; 7.1 for the conduct problems scale in relation
to oppositional defiant disorder or conduct disorder and
5.0 for the hyperactivity/inattention scale in relation to
ADHD disorders [29], supporting the validity of the self-
report scale. The self-report version of the SDQ total
has also shown satisfactory discrimination between com-
munity and clinical samples [30]. Another methodologicalaspect that has to be taken into consideration when inter-
preting the results from the causal mediation analysis is
that we estimated direct and indirect effects of mental
health on the probability of non-completion of upper sec-
ondary school based on a theoretical model. The reliability
of the results relies on the trustworthiness of the model.
We have included several background factors that previ-
ously have been shown to be associated with the exposure,
mediator and outcome. Still our model, like most models,
simplifies complex mechanisms, and we cannot rule out
any residual confounding. Based on previous literature, we
believe that important confounders are included in the
model. In sensitivity analyses, our results seem to be
robust for moderate residual correlations, corresponding
to a moderate amount of unmeasured confounders in the
models for the mediator and outcome. Nevertheless, early
conduct problems have been found to be associated with
lower IQ and attention difficulties, with the result that the
difficulties faced by children with conduct problems
were exacerbated by lower average IQ and higher
rates of attentional problems [31]. Our measure of
externalising problems includes symptoms of both
conduct problems and hyperactivity–inattention prob-
lems, but we have not measured IQ. Other compar-
able studies have included IQ and still find an effect
of externalising problems on educational attainment
at follow-up (see later) [12,14].
We found a weak to moderate correlation between
externalising and internalising problems, but a causal re-
lationship cannot be excluded. However, we have studied
the two variables both separately and controlled for each
other. In the causal mediation analyses, the estimates for
externalising problems were quite similar in the models
without versus with adjustment for internalising prob-
lems, while the estimates related to the internalising
scale became weaker when adjusting for externalising
problems (Model 1 and 2). We cannot rule out that we
might have underestimated the effect of internalising
symptoms by controlling for externalising problems.
Another debatable issue associated with our model is
whether health behaviour should be adjusted for (Model 3),
as health behaviour may be influenced by mental health.
We presented results both without and with adjustment
for health behaviour (Models 2 and 3) and found that by
including health behaviours, the effect of externalising
problems on non-completion of upper secondary school
decreased. By controlling for health behaviour, we
may have over-adjusted in Model 3 and under-
estimated the effect. Another issue is that we tested
to what degree mental health in the 10th grade affects
non-completion of upper secondary school through
grade points. It is also plausible that the effect is the
opposite; i.e., that years of struggle with school and
low grades might have led to disengagement and
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our baseline study.
Our results according to previous findings, and possible
explanations
Mental health and subsequent educational achievement
When considering externalising and internalising prob-
lems separately, we found that both problem scales were
significant predictors for non-completion of upper sec-
ondary school. However, when considering both externa-
lising and internalising problems together, we found that
externalising problems was a stronger predictor than
internalising problems. Other studies that have focused
on the effect of internalising [7-11] or externalising
problems/disorders [5-7,31] on subsequent educational
achievements report that both problem spectra are
significantly associated with educational outcome. In
one study including both internalising and externa-
lising disorders in the same analysis Breslau and
colleagues [13] used a US national sample and stud-
ied with a retrospective design the joint effect of
childhood and adolescent onset of psychiatric disor-
ders on failure to graduate from high school on time.
After adjusting for smoking, alcohol use, use of illegal
drugs, prior disorders, childhood adversity, and socio-
demographic characteristics (including gender), signifi-
cant associations with failure to graduate on time
remained for conduct disorder and the three ADHD
subtypes. Internalising disorders were not significantly
associated with failure to graduate on time after these
adjustments. Miech and colleagues [14] followed a
New Zealand cohort from birth to the age of 21 (The
Dunedin Study), and studied mental disorders at age
15 and failure to earn ‘a sixth form certificate’, which
is comparable with the high school degree in the
USA and upper secondary school in Norway. The
internalising disorders of anxiety and depression,
whether assessed by DSM diagnoses or DSM symp-
tom scales, did not significantly affect educational
attainment. In contrast, externalising disorders (conduct
disorders and attention deficit disorders) impaired
educational achievement. The analyses were adjusted
for socioeconomic background, gender, IQ, reading
ability, school involvement and the presences of other
mental disorders. Another longitudinal study follow-
ing a normative urban school sample of 205 children
from the USA over 20 years found that externalising
problems evident in childhood appeared to undermine
academic competence by adolescence [12]. This effect
did not differ by gender and persisted after control-
ling for IQ, parenting quality and socioeconomic differ-
ences. Our findings in the logistic regression are in line
with these findings from the USA and New Zealand. We
stratified by gender and found that internalising problemswere a significant predictor for non-completion among
girls but not among boys.
We also studied the mediated effect through grades
for the effect of internalising and externalising problems
on non-completion of upper secondary school. A large
proportion of the total effect of externalising problems
was mediated by grades in both genders. The total effect
of internalising problems was only significant in girls,
and the direct effect constituted the greatest part of the
total effect. We have not found other longitudinal stud-
ies performing such analyses, nor have we found studies
comparing different educational tracks when studying
the mediating role of grades. That grades play an im-
portant role in dropping out from school is well-known
[2]. Less studied is whether the role of grades as a medi-
ator of the effects of externalising and internalising
problems on non-completion of upper secondary school
differs. Nevertheless, the findings are plausible when
considering the nature of the problems. Externalising
problems (conduct problems and hyperactivity–inatten-
tion) have a more stable nature and may reflect a cumula-
tive effect of inattention and learning across the schooling
career, which may have an impact on the acquisition of
academic skills. Conduct disorders lead to repeated discip-
linary actions, which are likely to affect students’ engage-
ment with schooling and to influence their grades.
Internalising problems (symptoms of depression, anxiety
and peer problems) are likely to disrupt students’ overall
social functioning and perceived competence, leading to
diminished motivation, but may have a shorter term na-
ture, and may be less associated with academic skills. It is
important to note that there is evidence for adverse conse-
quences of internalising disorders on other outcomes,
such as establishing themselves in the job market, and es-
tablishment of friendship and romantic relationships [4].
We found that boys and girls starting vocational tracks
reported more mental health problems in the 10th grade
and had poorer grade points and a higher non-
completion rate in upper secondary school than those
starting general tracks. However, the associations (OR)
between mental health problems and non-completion of
upper secondary school, and the mediating effects of
grades, were similar, indicating that the mechanisms are
comparable within the two types of educational tracks.
Health behaviour and subsequent educational achievement
We found that smoking predicted non-completion of
upper secondary school in both genders, after adjust-
ments for symptoms of mental health problems, other
health behaviours, family factors and sociodemographic
background. This finding is in line with the study by
Breslau and colleagues [13]. They highlight the distinct
role of tobacco use as a predictor of high school gradu-
ation. Breslau and colleagues also included use of alcohol
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study. After including tobacco use, together with child-
hood adversity and sociodemographic characteristics, sub-
stance use disorders were no longer associated with high
school graduation. The strong effect of smoking/tobacco
in our study might be due to a common factor not con-
trolled for, such as genetic influences or negative peer rela-
tions. It may also be that tobacco influences the brain in
ways of which we are not fully aware.
In our study, physical activity outside of school in the
10th grade was associated with lower odds of not finishing
upper secondary school compared with no physical activ-
ity outside of school. Cross-sectional associations between
physical inactivity and school difficulties such as grade
repetition, low school performance and school drop-out
ideation have previously been reported [15]. Physical ac-
tivity is shown to influence physical health, exerting a
powerful positive influence on the brain, and consequently
on emotional stability and cognition, self-efficacy and mo-
tivation [32]. Based on our findings, we cannot draw a
conclusion regarding causal mechanisms, but the findings
are encouraging concerning ‘the battle’ of arguing for
more physical education in the curriculum.
Conclusions
Our results indicate that externalising problems in particu-
lar impair completion of upper secondary school. Externa-
lising problems impair educational attainment, with a
negative influence on future life chances. Treatment and
preventive interventions targeted at these adolescents are
of special importance. A Canadian study found that early
preventive intervention for those at high risk of antisocial
behaviour increased the rates of high-school completion
[33]. Reduction of externalising problems may improve
later school performance, reduce school drop-out, and
reduce the risk of poor health, exclusion from the labour
market and dependency on welfare entitlements. Our find-
ings encourage interventions to prevent externalising prob-
lems and to promote healthy behaviour among youth as a
tool to reduce non-completion of upper secondary school.
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